Introduction

54
Rice (Oryza sativa) is one of the three major cereal crops in the world, and the most genetics to increase grain-yield and improve plant architecture are the focus of current the case of GS2 and GS5, they affect grain shape by both controlling cell number and 90 size (Li et al., 2011; Che et al., 2015; Hu et al., 2015) .
91
These findings have enriched our knowledge of the regulatory mechanisms behind 92 grain size in rice. However, how these genes are integrated into signaling pathways 93 and the cross-talk between them, as well as into the regulatory networks behind grain 94 development, remain poorly understood. Therefore, identification and molecular 95 characterization of new QTLs/genes involved in grain size will help to 96 comprehensively describe regulatory networks and serve for future improvement of 97 rice yield (Duan et al., 2015) .
98
Here, we report the identification and characterization of the rice grain length QTL
99
GL6. GL6 encodes a PLATZ protein and is preferentially expressed in young panicles.
100
A mutant version of GL6 that carries a premature stop codon results in short grain via 101 impaired RNA polymerase III-mediated transcription. We demonstrate that GL6 102 functions in a further molecular mechanism that modulates grain length and grain 103 weight.
Results
107
Map-based cloning of GL6
108
In our previous work, we mapped a major QTL, GL6, which explained 20.5% of 
114
To fine map this locus, one backcross inbred line BIL219 with shorter grain length,
115
harboring the GL6 locus and carrying several other segments from W1943
116
(Supplemental Figure S1 ), was selected and backcrossed to GLA4. We then carried 117 out high-resolution mapping using 2,181 BC 1 F 5 individuals, and the locus was finally 118 delimited to a 6.1-kb region between the two markers GL4350 and GL4411 ( Figure   119 1B-D).
120
According to the RAP annotation (http://rapdb.dna.affrc.go.jp/), this region width ( Figure 2A -B and Supplemental Figure S4 ). In addition, we carried out gene 147 mutation of GL6 by using the CRISPR/Cas9 genome editing system (Ma et al., 2015) 148 in GLA4 ( Figure 2C ) and a japonica variety Nipponbare (Supplemental Figure S5A ).
149
In GLA4, the resulting GL6 loss-of-function CRISPR-Cas9-derived mutants, Figure 3E and Supplemental Figure S5J Figure 4E ). We then measured the panicle length, primary 
191
Taking all these effects into account, the grain yield per plant of 192 GLA4-gl6 CRISPR #1 and NIL-gl6-CP#1 were all lower than that in GLA4 ( Figure 4G ).
193
These results reveal that GL6 influences both panicle and spikelet development and Figure S6B ).
214
GL6 interacts with OsRPC53 and OsTFC1
215
RNAPIII is a multi-subunit complex eukaryotic RNA polymerase that transcribes OsTFC1, but not OsBRF1 ( Figure 6A ). Further in vivo interactions were validated 229 using a bimolecular luciferase complementation (BiLC) assay, and we found that the 230 interaction between GL6 and OsRPC53 was much stronger than that between GL6
231
and OsTFC1 ( Figure 6B ). Additionally, RNAPIII-dependent transcripts of tRNAs and 232 5S rRNA were decreased in NIL-gl6 compared with GLA4. These results suggest that
233
GL6 might participate in mediating RNAPIII to coordinate ribosome biogenesis
234
( Figure 6C ).
235
To further explore the regulatory mechanism of GL6, we carried out RNA found in NIL-gl6 relative to GAL4 (Supplemental Table S1 ). Gene Ontology (GO) Table S2 ). Although the null gl6 allele was from wild 271 rice W1943, comparisons of nucleotide diversity and neutrality test between cultivars and wild rice revealed that GL6 was not a locus targeted by human selection during 273 domestication (Supplemental Table S3 ).
274
We then compared the GL6 ORF to mine other natural variations in the GL6 gene, variations were generated, named H1 to H19 ( Figure 7A and Supplemental Table S4 ).
281
Most of the japonica varieties showed no differences from the Nipponbare genome, (Guo et al., 2018) . For example, the rare allele gw2 increases 322 grain size and weight but also reduces grain number per panicle (Song et al., 2007) .
323
Similarly, in our study, we observed that NIL-gl6 and GLA4-gl6 CRISPR were generated by PopART with some modifications (each continuous indel was 387 considered as one site) (Leigh et al., 2015) .
388
Yeast two-hybrid assays
389
For the two-hybrid assay, the full-length coding region of GL6 was amplified and selective medium (SD/-Trp/-Leu/-His/-Ade) and incubated at 30°C for 3 days.
396
BiLC assay
397
The coding region sequences of GL6 was cloned to the N-terminal Luc fusion vector absolute log2 Fold change > 0.6. GO enrichment analyses were performed using 440 agriGO V2.0 (Tian et al., 2017) . Figure S1 . Graphical genotype and phenotype of BIL219.
452
Supplemental Figure S2 . Sequence alignment of GL6 in GLA4 and NIL-gl6. Chinese Academy of Sciences (XDB27010301).
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